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r\v Tjm. INVENTION 



This invention relates to a unique device for the chronic subcutaneous 

for illicit use and ensures prolonged steady release of this agent, thereby 
providing long term painrelief or treatment of opioid drug ; add^ 

,0 rpreventing the potentially lethal consequences of.an uneven release of drug. 

', from the device. 

^nrraoilND OF THF. INVENTION 

15 Approximately 70% of patients with cancer experience pain 

grt^'^'i*^*^^ As life expectancy has increased , 
in developed ^developing countries, cancer and cancer-related pain have 
become major social and medical concerns. The worldwide availability of 
opioid analgesics, the primary therapy for most cancer-related pain, varies 

20 gready. In 1991, 20 developed countries accounted for .86% of the morphme 
consumed in the world while the remaining 14% of morphine was consumed 
in the remaining countries having the majority of the world's population. 
(Joranson, D.E., FfflgMl "f P ai " ™ A SgBPian Management, 8(6):353-360, 
1993). 

The scant use of opiates for the relief of cancer pain for the majority 
. of the world's population is a result of many factors including concerns over 
druc diversion for illicit use and addiction. Further, many patients w*h 
cancer-related pain require long-term continuous dosing of opioid analgesics 
30 which often necessitates the ingestion of multiple pills or tablets many times a 
day Compliance with this dosing scheme is often poor. Further, enteral 
drug delivery is poorly tolerated or prohibited in many patients with cancer- 
related pain in whom continuous drug delivery is a necessity. However, 
continuous parenteral delivery of opioid analgesics is expensive, cumbersome, 
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■and dependent upon the availability of refrigeration, 'catheters, pumps and 
trained personnel. 

Drag addiction is a major societal problem throughout the world. In 
3 the United States-alone, on any given day, there are several hundred thousand 
addicts who are enrolled in treatment clinics. Most of them are placed on 
•methadone maintenance" as a basic part of their therapy. Major behavioral 
and compliance problems commonly complicate treatment 

The cost of "methadone maintenance" therapy is several hundred 
dollars per month per patient. A significant portion of this cost relates to the' 
frequent clinic visits and the monitoring of urine tests that are run to assure 
proper compliance with drug dosing, as well as the pharmacy charges relating 
to methadone dispensing. 

15 . 

Delivery systems and devices for controlled release of drugs; i.e., 

controlled release and sustained or prolonged release, are well known in the 

art. A variety of methods have been described in the literature, including the 

physiological modification of absorption or excretion, modification of the. 

20 solvent, chemical modification of the drug, absorption of drug on an insoluble 
carrier use of suspensions and implantation pellets. Other methods include 
mixing the drug with a carrier such as waxes, oils, fats, and soluble polymers 
which are gradually disintegrated by the environment resulting in release of 
the drug. Much attention has been directed to the reservoir type of device, 

25 i.e., a device in which a drug is encased within a polymeric container, with 
or without a solvent or carrier, which allows passage of drug from the 
reservoir. 

Another type of drug delivery device is the monolithic type in which : 
30 drug is dispersed in a polymer and from which the drug is released by 
degradation of the polymer and/or by passage of the drug through the 
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polymer. Ethylene-vinyl acetate (EVA) copolymer ;is a well known ; 

Te presentairve,of^ imperforate .^.^mrtlB^. 
■ n ^^, S d e nces 69:265-270, 1980; S«*D^V..*^*Bltaf ; 
V ^a^M *™nces. 73:1859-1861, 1984; Cohen, J.,et*,Uto 
3 ;5sL , 73:1034-7, 1973). The release kinetics of a dnig from apolymertc y : . 

delivery system area function of the agent's molecular weight, lipid 

solubility, and charge as well as the characteristics of the polymer, the - . 

percent drug loading, and the characteristics of any matrix coatmg. Tbe 
: - importance of these factors coupled with the specific pharmacology, ? ; 
I0 toxicology, and therapeutic goals necessitate that the design of a polymeric . 
implant for a specific agent must be carefully constructed. 

Ku et al, Litems, 7L P-926 (1985) describe a multiple-hole 
approach to obtain zero order release. 

The sustained BasatSSl delivery of opioid antagonists and agonists 
has been an area of considerable interest because first, it may afford a new 
approach to the treatment of opioid drug abuse and second, the 
undertreatment of pain is widely recognized throughout the world. 

20 

A. Narcotic Antagonist: Naltrexone 

Over the past two decades, a variety of approaches have been 
attempted using polymers containing narcotic antagonists in an effort to 
25 prevent drug abuse. The release characteristics of these antagonists are less 
critical than mose of the pure agonists as evidenced by me first-order kmeucs 
noted in the literature. 

1. Glycerine implants 

2. Cholesterol-glyceryltriesterate demonstrated first order kinetics m 
rats 
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3. Glutamic acidiand leucine - biodegradable 

4. Polylactic/glycolic acid (PLGA) beads 

B . Narcotic Mixed Agpnist/Antagonist: Buprenorphine 



4 



First order kinetic 
treatment of chronic pain 



release using an agent which is not preferred for the 



I/ Cholesterol-glyceryltr^ 
j0 kinetics . in rats. 

C. Narcotic Agonist: Morphine i i 

Morphine is an exceUent agent for the treatments 
15 timeslesspotentthanhydromorphon^ 

5 "^Lcutaneous implant. Ma^of<hese implants havedem^ 
implants containing lethal amounts of opioids. 

20 i polymeric silicone elastomer 

2. Silicone with sodium alginate (swells on contact with 
water to release drug) 

3. Pellets 

4. Polyanhydride formulation 

25 

D. EVA Implants 

EVA (ethylene vmyl «*> J*™ *» >"» « d 0 **" 
classes of drags: Hormones («., P~» 
„ «*. 5FU. adriamvcin), pronto <U., M. tamonoglobtas). 
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ijncoa^equentiiil con^rared to a toutst of potent opioids. 

■ ; v ' t. Prednisolone WfcwM-.* i9W^^|:., 
: %':(: : 2*2714-7, 1981 ... , ,,, , 

. „-„ - T rf ^ f ; r ^t ArtQIU Art Org.. 17. > 

'.; 3. Adriamycia fun. i.i.,B*™ |lffl ■ 

; • ■ 203, 1989. • • - V 

m t ^ Diaheffii, 35:692-7, 1986; Brown, L., et 
- 4 Insulin (Brown, L., et al. LJUDfiiSi. *»• ,. . 

'W al Dabste, 35*84-91. 1986)- EVA coated and wi* bole m 
one fece of tl« polymer g^j ne^ M ns^ release rates _ 
I 5. Nerve Growth Factor (Hofean, D.. et al, BaO« 1**^ 

6 . (Badomsky. MX., et al. Biam^ U^ 



10 



7. Albinttin(Nietiu.S.M.,Kal, i mw . . 

, Dopan^dop, (During, M.J., > tmJImL. ^ 

literature. Brown, L.R., et ai, i, rnm m. 

t «■ h Mater Res 15:267-77, 1981; and Niemi, S.M., et al, 

Crital M» invdved k changing 0. — <*— ^» »' . 
k 157:11-15, 1984). 



30 
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U1 ! S. Patent 5,153,002, hereby ^es^^^^^i 1 ^ 1 ^*-- 
. (CubeW ith 5 sides coated with impermeable layer *nd a 

one flat side coated. A hemisphere with impermeable coating {paraffin) 
except for exposed cavity in the center face . provides zero order toetics for 

Vamununreto ^ 
. with impermeable coating of polymer W ith:hole in the center of one,face 
provides zero order kinetics for insulin release. Drug particle . size, drug 
fading, and matrix coating all significantly affect release kinetics (Rhine, 
W.D., et al, LJEharsLicL, 69:265-70,1980); 

10 Gro ssman et al ms^^m^ Vol. 19, P 3S7 (1991)) describe a 

delivery system where hydromorphone was embedded into a controlled 
release matrix made of poly4efcylene-vinyl acetate]. 

It is an object of the invention to provide an implantable, 
biocompatible polymer that continuously delivers a stable . concentration of an 
opioid analgesic spontaneously for periods ranging from two weeks to m 
20 excess of six months. 

It is a further object of the invention to provide a means to administer 
me pain reliever hydromorphone in a form which makes it difficult to divert 
for illicit use. 

25 

The subject invention relates to a subcutaneous detivery system 
comprising: i) a polymeric matrix material, ii) a therapeutic agent embedded 
30 in said matrix, and, iii) a coating surrounding said matrix, wherein said 
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^livery , system is adapted to provide 
.ihydromorphone. 

The invention also includes a method of providing a delivery 
-j," system comprising D implanting a therapeutic agent in apolyemylene vinyl 
acetate matrix, ii) forming said matrix into a cylinder, iii) coating. said matnx 
wim poly(memyl methacrylate), and iv) creating a cylindrical openmg along 
the axis of the cylindrical matrix creating an internal wall in said matnx, 
wherein said internal wall of said matrix has no coating. 

The invention also involves a method of providing pro^ 
pain in a mammal suffering from pain comprising subcutaneously 
administering-at least one device (where two or more are administered, tbey 
are joined together or separate) to said mammal, and further involves* 
15 method of treating opioid drug adtilction m a n^ 

addiction comprising subcutaneously administering at least one device to said 

mammal. 

ffl ^ir nttSC F ™™™ OF THE DRAWQS 

20 

Figure 1 is a perspective view of a delivery device according to the 
invention. 

Figure 2 is a cross-sectional view of a delivery device taken along line 
25 2-2 of Figure 1. The thickness of the coating has been exaggerated for 
illustrative purposes. 

Figure 3 is a perspective view of the hemisphere embodiment of the 
invention. 

30 
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Figure 4 is ;a perspective mew of the cube embodiment of the 
^invention. ^ 

Figure 5 is a perspective view of the multiumt (tandem) embodiment 



5 jof the invention. 



Figure 6 shows the effects of a;poly(methyl methacrylate) coating with 
• and Without* antral; uncoated/ full thickness opening oh injdES 
hydromorphone release from the device. 

10 ' 

Figure 7 shows the effect of alterations in the height of t^ 
device with constant hole and device diameters oil iiLjdffi2 hydromorphone 
release from the poly(methyi methacrylate)-coated device. 

15 Figure 8 demonstrates that hydromorphone release from the delivery 

device of the subject 'invention exhibited near zero-order kinetics Jn^tto for 
up to 4 weeks. The initial release "burst" that complicates many controlled 
delivery devices was eliminated. 

20 Figure 9 shows that flexibility in the amount of hydromorphone 

released per hour and the duration of hydromorphone delivery invito was 
easily achieved through simple modifications of the delivery devices. 

Figure 10 shows that 2 delivery devices placed subcutaneously in each 
25 of 5 rabbits produced stable, sustained plasma hydromorphone concentrations 
for up to 4 weeks. These plasma concentrations were within the human 
therapeutic range. 

Figure 11 shows the predicted hydromorphone release from multiple 
30 implanted delivery devices and the observed plasma hydromorphone 

concentrations in rabbits over time. Increasing the number of subcutaneously 
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implanted delivery devices produced a sustaked aM predict increase in 
sahbitplasnuhya^ Systemic toxicity wiftf 

, plants (approximately .900 jig/hr hydromorphone) was limited to transiently 
increased sedation and decreased oral intake. 

•i . 

Figure 12 shows that subcutaneously implanted osmotic pumps that 
del^ed approximately the same amount of hydromorphone per hour as two 
. delivery devices of the invention, produced comparable rabbit plasma 
• hydromorphone concentrations. 



Figure 13 shows an intravenous bolus equal to 505S (600 pg) and 
100% (1200 *g) of the cumulative amount of hydromorphone released hy two, 
delivery devices over 4 hours (a typical human dosing interval) produced peak 
rabbit plasma concentrations within one minute followed by a rapid faU to 
15 baseline over several hours. Peak plasma hydromorphone concentrations , 
were well tolerated and at least 4 times higher than the steady-state 
concentration obtained with the device of the invention. 

BEEAILEB fiESCBgffiffl SEE thf, T^^W^ON 

20 

The subject invention relates to a biocompatible, non-inflaiumatory, 
and non-biodegradable implant device 2 which permits controlled release of a 
potent opioid by subcutaneous implant. A drug such as hydromorphone is 
imbedded in a controlled release matrix 14 such as polyethylene-vinyl acetate, 

M and this polymer is coated with the biocompatible and hydromorphone 
impermeable polymer 12 such as poly(methyl methacrylate). The implant 
typically has a cylindrical geometry with a diameter of the top 4 and bottom 6 
of the cylinder, gready exceeding height of the outside wall 8 of the cylinder. 
The implant 2 is perforated creating an opening 10 in the top 4 and bottom 6 

30 of the device 2 and creating an uncoated internal cylindrical wall 16. Tim 
structure permits steady release of hydromorphone. 
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L '•" it'.'' 

Tie delivery device of the invention minimizes the opportunity for 
drug diversion, improves compliance, 'wAm^to^te**^^ 
supponpersonnel and equipment, and the need for expensive and often . 
' unavailable external catheters and pumps in patients with cancer-related pain 
■ 5 W h 0 require continuous opiate administration. The device delivers stable 

. , amounts of hyto 

time. The plasma ;hydromorphone levels achieved by the subject invention ^ 
" produce no significant toxicity. The steady levels achieved reduce toxicity 

and improve efficacy. The plasma 1,Bfrm^^ritovv^: 
10 in those levels achieved with implants is quite similar to the values obtained 

with osmotic pumps. 

The coating 12 of the EVA polymer containing, drag effectively . 
eliminates the initial "bursf of drug release seen with many other delivery 
•is devices. Unlike intravenous bolus" «diBiBiittiiltai.-te pUnm t^dnini^pMB 
levels obtained after device implanation remain stable and within the 
therapeutic range for the entire dosing interval. 

Variations in the thickness (i.e., height of wall 8) and diameter Cue, 
20 diameter of top 4 and bottom 6) of these devices as well as in the number of 
devices implanted provides fiexibuity in the amount of hydromorpbone 
released per hour, and duration of hydromorphone release, and the magnitude 
of the plasma hydromorphone levels obtained. 

25 The subject invention solves the problem of the "burst effect" for 

hydromorphone, eliminates repeated injections of hydromorphone, provides a 
longer term management for stable and/or chronic cancer pain, provides a 
means to treat opioid drug addiction, and prevents abuse of the narcotic, i.e., 
drug diversion, since the technology makes it extremely difficult to extract the 

30 hydromorphone from the device of the invention. 
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The Opioid 

Hydromorphone (including hydromorphone hydrochloride) is a water 
•' <soluble, potent (6-7 times more potent man morphine) opioid approved^for. 
./ : 5 ;S ubcutaneous use and commonly administered to patients with cancer-related 
. pain. Vallner etal, IlCUb Pharmacol 21:152-6. 1981, Bruera -et al, « 
V r^ nftftr lust. . 80:1152-4. 1988, Reidenberg et al, Clin. Pharmacol Tfagf,, 

44:376-82, 1988, Moulin at a] rtff. Mpd Assoc - J - 146:891-7. 1992, 
" Moulin et al, LaffiSJ, 337:465-8, 1991. Constraints on the size of a : 
10 subcutaneous delivery device favor the use of this opioid; Hydromorphone 
has excelleat water solubility and gives favorable pattern of release from j 
hydrophobic EVA polymer. 

V The Matrix 

15 . 

Ethylene vinyl acetate (EVA) copolymer is a biocompatible, non- 
inflammatory, and nonbiodegradable polymer. A non-biodegradable polymer 
is used in the subject invention to permit localization. Further, if any 
untoward circumstance should force a physician to take out the implant 12 
20 from a patient, it can be taken out intact. A biodegradable implant will soften 
and lose its structural integrity over time, making the task of emergency 
removal difficult, if not impossible. 

Drug-loaded EVA matrices are advantageously fabricated by a solvent 
25 casting technique. The polymer is first dissolved in an organic solvent, 
preferably a low boiling solvent such as methylene chloride or chloroform to 
facilitate eventual removal of the solvent by evaporation. The concentration 
of the polymer solution advantageously ranges from five to fifteen weight 
percent. Too dilute a concentration leads to bubble formation during the 
30 casting and too concentrated makes it difficult to disperse the drug particles in 
the solution. 
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The drug to he embedded in the .EVA matrix ;is dissolved, or m the 
!CaS e a:bigh loading^ug:ievel, dispersed m foe polymer *olutfon. The drug 
!can be released by permeation through the polymer phase, or if the drug has 
<• low solubility in the polymer, released by diffusion thro^ 
. channels. As the drug particles near the surface of the matrix are dissolved 
and released, they leave behind pores and cliamiels through wmch the 
embedded drug particles are released. Preferably, the drug particles are 
sieved, since the size ofthe drug particles determines the size of the pores 
and channels. This however is not absolutely necessary unless the drug 
,0 particles aggregate to form large clumps, for example, several hundred 
microns in size. Reasonably reproducible release kinetics (i.e., near constant 
delivery) are obtained with commercially available drug particles which have 
been micronized. 

13 The polymer solution with drug is then cast into a mold of the desired 
shape and size. After slow evaporation of the solvent (to prevent bubble 
formation), the drug molecules or drug particles are embedded in the polymer 
matrix. The casting is normally done at low temperatures to prevent 
sedimentation of the drug particles during the solvent evaporation. Typically 

20 the polymer solution with drug is poured into a mold that has been cooled to 
a temperature below the melting point of the solvent. The solution is hence 
rapidly frozen to allow uniform dispersion of the drug particles in the final 



matrix. 



25 



Other materials suitable for uses as the matrix include silicone rubber, 
hydrogels such as crosslinked polyvinyl alcohol) and poly(hydroxy 
ethylmethacrylate). 
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Coating the EVA polymer matrix eliminates the potentially deadly 
"burst effect" normally seen with controlled release devices. An uncoated 

5 polymer delivers hydromorphone in a burst or spike within the first two , days 
: of drug administration, and then tapers down to a minimum in the ensumg 
days (see Figure 6). This is a toy problem in using subcutaneous implants 
for drug delivery, and the subject invention solves the problem for 
hydromorphone. To eliminate the burst effect and to obtain more steady or 

to constant release kinetics without manipulation of non-uniform drug 

distribution in the matrix, the EVA polymer containing the drug 14 is coated, 
except a small opening 10 in the middle, with a coating 12 impermeable to 
the drug, and tissue biocompatible so as to invoke only niinimal fibrous tissue 
encapsulation of the implant 2. Advantageously, the bone cement 

15 poly(methyl methacrylate) is used with hydromorphone. The coating 12 
should be thick enough for the intended life of the implant, typically about 
100 microns. 

Coating of the matrix is advantageously achieved by the dip-coating 
20 technique. For example, a coating is applied by impaling the disk on a 
syringe needle of a chosen diameter and dipping into a polymer solution. 
After application of several coatings by repeated dip-coating and drying, the 
needle is removed to expose an uncoated cylindrical aperture. Alternatively, 
an opening along the axis of the matrix is created after coating the matnx. 
25 Drug is released only through this opening. With this configuration, a near 
constant release of drug is obtained without a drug concentration gradtent m 
EVA polymer. 

The coating material is impermeable to hydromorphone, non- 
30 biodegradable (negligible cleavage of the polymer backbone or mass loss 
within a two-month period), and soluble in a solvent that is not a good solvent 
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for the selected ^ix. ^^ 

ithedip-coating and some of .the drug molecules or particles might*e 
embedded in the coating. The solubility parameter of poly(methyl ; ; 
-Uetliacrylate^ Other polymers with Ab solubihty 

■jS parameter whdch are ^ hydromorphone are suitable coatings for 
the ;EVA-hydromorphone polymer. 



, ppip -loading 

% The ratio of hydromorphone to EVA polymer is 10-90% by weight 
bydromorphone^advantageous^ 30-70%. The drug/EVA mixture is 
homogeneous. The higher levels of hydromorphone concentration are { 

V typically used where the opening 10 is very small (see below). 

is Tmr 1 ?^ fieometrv 

The implant is advantageously cylindric^ m shape (see Figures 
2) Other geometries where the distance between the uncoated wall and the 
coated wall (opposite the uncoated wall) remains constant or substantially 
20 (± 20%) constant throughout the implant, can be used, e.g., a hemisphere 
wh ere the uncoated wall is in the shape of a hemisphere (Figure 3), or a cube 
having a square opening which extends the full height (thickness) of the cube 
(Figure 4). These geometries provide a near constant release rate over the 
life of the implant 

The cylindrical implant is 5-100 mm, advantageously 10-25 mm, in 
diameter and 1-20 mm, advantageously 1-2 mm in height (thickness). 

A single 50 micron - 3 mm diameter, advantageously 0.5-1.5 mm 
30 diameter, circular or substantially circular opening 10 extends along the 
of the cylindrical device, creating an internal cylindrical uncoated area 16 
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.through which the drug is released. The area ofthe opepiiig for cylinder, . 
. less than l%, of the surface area of the top of the device. , 

5 Multiple unit devices of the invention are formed by juxtaposing f 

cylindrical implants (or other shapes), i.e., where the axes of the mdividual 

' '"> 5) In the case of a juxtaposed arrangement, the area of contact (i.e., where 
V ; ^ units are joined) between mdWiduaiWneots (e.g., individual cylinders. .• 
10 or cubes) may be coated or uncoated. 

In another embodiment, multiple unit devices are fbmed where me ^ 
axes of the mdividual devices (e.g., cylindrical or cubic) are the same as the. 
axis of the multiple unit device. In order to join individual devices in this 

15 way and permit release of drug, the tad^.4^»^^«^::: 
linked by means of spacers. In one embodiment, the spacers are one or more 
members running parallel to the multiple unit axis; each of such spacers is 
attached to the outside wall of each individual device. Alternatively, porous 
members are alternated between MriW*ta*Ddj*.4e*«W- In 

20 a further embodiment, small spacers contacting (and joining) the bottom of 
one individual device and the top of the adjacent device are used to form 
multiple unit devices. Spacers advantageously are made using the coating 
material, e.g., poly(methyl methacrylate). In another embodiment, wire 
coated with the coating material is used as the spacer. 

25 

^ %inistratf "n s£ th * Tmplant 

The device of the invention 12 is implanted subcutaneously, 
advantageously in the upper arm or abdominal areas, using procedures known 
30 to those skilled in the art. The dose rate chosen is that which is safe and 
efficacious for a particular patient. Too low a dose rate results in a lack of 
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1.;. .pain relief, and too.gteatadose;rate resdRm-sed^ii^owedljy . _ 
-respiratory depression. For example, in cancer . 
analog scale for measuring the pain, and utratmg hydromorphone to the 

; ; .patient's subjective level of pain, a disk of appropriate dose-rate* chosen** 
•5 a patient. 

For treatment of cancer pain, implants are typically designed to 
: produce from 0.1-25 mg/hr., advantageously, 0.1 to .10 mg/hr (e.g., .25 
mg/hr, 1 mg/hrand 4 mg/hr). One to three implants are typically placed in 

i patiems. W^i**"^'^.^*^* 8 
cylindrical disk or opening diameter, i.e., increased height or opening 
diameter means larger release rates (a greater uncoated surface area 16 ; 
remains exposed to the external milieu). See Figure ?. Delivery of multiple 

' implants, either individually or juxtaposed as described above, increases dose 

15 rate. Further, increasing-drug load increases dose rate. 

For treatment of opioid dependence, implants are typically designed to 
produce 0.1 - 0.5 mg/hr hydromorphone per hour subcutaneously. For a 
discussion of methadone maintenance see Strain et al, Ann. Intern. Med. 112. 
20 23-27 (1993), and Gerstein and Lewin, N. Engl. J. Med., 321, 844-848 
(1990). 

The device can control the release of hydromorphone to desired blood 
levels for periods of two weeks to in excess of six months. The lifetime of 

25 an implant is advantageously regulated by its diameter (increased diameter 
increases lifetime). Drug loading, opening size and height also have an effect 
on the lifetime of the implant. An implant lasting four weeks is advantageous 
for cancer pain treatment since an oncologist will usually evaluate his cancer 
patient with chronic pain at least once a month. The degree of pain may 

30 increase due to a progressive tumor necessitating a higher dose. Moreover. 
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there is tolerance to hydromorphone. such that higher doses may be needed* 
control the same .degree of pain in the succeeding month. 

The device of the subject invention provides near constant delivery of 
, 5 hydromorphone. "Near constant" is defined as ± a 5 fold (500%), . 
advantageously ± a two fold (200%) variation, most advantageously ± 
single fold (100%) variation in the target delivery rate Qn^or jnjyjEo). 
A greater than 5 fold variation results in a "burst effect" which could cause 
damage or even death to the recipient 

10 \ 

In one embodiment of the invention, the drug release from the implant 
f is supplemented with additional delivery (oral, rectal etc.) of an opiate when 
the patient is experiencing heightened pain. 

- . - ■ t 

15 Trp aTrFft nt nf Pain 

The implant of the invention can be used in any case where oral 
opiates are indicated. In about 85% of patients with cancer pain, oral opiates 
are indicated. The invention is particularly advantageous where oral 
20 administration is not appropriate or available or where there is toxicity from 
intermittent administration. The implant of the invention has application in 
the treatment of cancer pain in humans or in other animals. The implant has 
utility in the treatment of other types of chronic pain such as chronic severe 
pain resulting from degenerative musculoskeletal or nervous system diseases. 

25 

Trrntmrnt fl£ n ?'r\ A impendence 

The implant of the invention is useful in the treatment of opioid drug 
(eg heroin) addiction. Hydromorphone given in low dosages over extended 
30 periods of time is effective in the treatment of drug addiction. The implant of 
the invention can be used in any situation where a methadone maintenance 
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program could be nsed/i^lant taeslhat fow^ose rates of the-drug 
;can be sustained for.extended;periods without dependence on .patient 
compliance with oral, dose schedules. Further use ^ 
.drug m a fom which vtouaUrrf^ 



. ■. ; 

5 



* •* - * 



The following Examples are fflustrative, but not limiting of the . , . 
compositions and methods of the present invention. Other suitable 
. modifications and adaptations of a variety of conditions and parameters 
10 normally encountered in clinical therapy which are obvious to those skilled in 
the art are within the spirit and scope of this invention. 



15 Example 1 



Pnlymer Fo rmulation 



A low temperature solvent casting technique was used to formulate the 
20 hydromorphone implants used in these experiments. EVA (MW about 
250 000) (Elvax-40W. Dupont) with 40% by weight of vinyl acetate, was 
cleaned in water and dissolved in methylene chloride (OW to produce a 
10% solution. The polymer can be purified by extraction with distilled water 
in a Soxhlet extractor for three days, followed by extraction with acetone for 
25 another four days to remove impurities and anti-oxidants. The 

hydromorphone-incorporated matrices were prepared by solvent casting. A 
10% (w/v) solution of EVA was made by dissolving 2 gm of pure EVA in 20 
ml of methylene chloride. 

30 Non-sieved hydromorphone hydrochloride powder (Knoll 

Pharmaceuticals) was added at room temperature to the 10% EVA to 
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, • ... ...... n< narticle si» and suspended in Be tv a 

c«*ved to a predetermined range ot paracie *u* r 

solution. /uvvisSlenaOTK^ chops '" mma »» 
5 lmkena|iart<«itb a glass stirring rod. 

Atosolidificanon.wn.ob 

1 ,; 4 irc.^»»-*''»-''." , «"* , ^ MI * - 

„ ^ raapecrr^) by ooubUng or ^ u« ^ of m- 

bydromorpbooo^P^^^. »^ 2U ~*7 
. 20 were also^ut from tbe dried EVA-bydromorphone slab using a number 15 
eortc borer . den.ons.nne flenibUU, fc duradon of drug refease. 
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.needle was removed, the polymer was turned over , and the needle was passed 
back;through the central hole in the polymer in the opposite direction. This 
.procedure was .then repeated two additional times to produce 'a triple . thickness 
; impermeable coating of poly(methyl methacrylate) that fully encased each 
)y pqjymer with the exception of an 18 gauge cylinder (about 1.25 mm j 

• diameter) passing through the center of each polymer, much.like a button - 
h 0 |e in 1 a button. The coating thickness was about 100-200 pm. The 

• ^solubility parameter of the coating material is 9-9.5 [cal/cmT 5 . 



10 foamnle 3 

In V||r rt Release Assay 



Hydromorphone release from the coated EVA-hydromorphone : . 
' polymers was assessed in vitro by placing each polymer in a glass scintillation 

15 vial containing 10 ml of pH 7.4 0.1M sodium phosphate buffer warmed to 
37 6 C. All vials were placed in a water bath at 3TC. At appropriate ( 
intervals, the buffer in each vial was collected and stored in centrifuge tubes 
at about 4°C and 10 ml of fresh phosphate buffer at 37°C was added back to 
each vial. Samples were periodically assayed in bulk on a UV 

20 spectrophotometer at 254 nm in matched cuvettes zeroed against blank 0.1 M 
pH 7.4 phosphate buffer. Hydromorphone standards were included in each 
assay and, when necessary, samples were diluted in buffer such that their 
absorbance could be measured on the linear part of the standard curve. 

25 The coated EVA-hydromorphone polymers released hydromorphone at 

" a constant mean rate of 164 „g/hr beginning 4 days after jn_vjso. release and 
continuing for over 4 weeks. Coating these polymers with an impermeable 
layer of poly(methyl methacrylate) except for the central full thickness hole 
eliminated the initial "burst" that complicates many other controlled delivery 
30 devices. Flexibility in the amount of hydromorphone delivered per hour and 
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£a]aBg Release 

Unte general — EVA-h^romorpboae po.^ 

20 9 C Plasma samples were assayed m bulk using a comm j 

tan* Toe preriousl, i***—* polymers »ere left m pUce so _ 
^toe. Blood«s ren ov«4 M dpl«-»»^' S<teCr,beiabOVe - 



Two devices placed subcuuoeoosl, in rabbte P'"*«d sttble 
Twoaevicesr . {T iviiK./mlfbruplo«weel[s(see 
25 TOOted ptansa Miomorphone levels of 23-37 ng/ml lor «P 

plrelO losing theoumb* of subco^eoos taplaols ..^mW 
pic* a -L- - — * ~ ^ ."^ 

Hd bi *e* so- capers the «cep*o» of .* ***** 
30 loo after *e ^.aorarioo of I device, aod leased sedauoo v,,* 
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■ ^creased oral intake after the implantation of .larger numbers of devices » 
.also appeared to be transient. 

TTvMnple 4B > 

In order to validate the rabbit plasma hydromorphone levels measured 
v after device implantation, Alzet osmotic pumps were prepared that delivered 
" approximately the same amount of hydromorphone per hour as two devices of 
10 tne invention. Under general anesthesia, an Alzet osmotic pump (mean 
pumping rate = 2.08 pWr,***™ volume = 2073 ,1) was placed 
subcutaneously in each of 4 rabbits and blood samples were collected as 
described above. Plasma was also prepared and analyzed as described above. 

Alzet osmotic pumps that are designed to deliver 297 pgte of 
hydromorphone produced mean rabbit plasma hydromorphone levels 28 to 51 
ng/ml over a 2 week period (see Figure 12). 

Example *C 

20 gyikojnori^^ Bolus - 

Single 600 ,g and 1200 „g boluses (equal to 1/2 to 1 times the 
cumulative amount delivered subcutaneously by polymers or pumps over 4 
hours, a typical dosing interval in humans) were administered intravenously to 
25 two additional rabbits and samples were collected at 

.0,1,2,5,10,20,30,45,60,90,120,150,180,210 and 240 minutes. 

Six hundred and 1200 pg hydromorphone boluses produced peak 
rabbit plasma hydromorphone levels of almost 200 and over 250 ng/ml at one 
30 minute with a rapid fall back to baseline by 4 hours (see Figure 13). 
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\ : jlt.wili^eD 

* #isc 
disclosed. 



|in vtbc '/art ith|t ^norous : 



■ l 



v: • 
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^ T .Tg rT AIMED IS: 

^ Asubcutaneous delivery system .comprising 

V . ,1) -amatrixboimxisto . - 

;. 5 / ' .; 4i) hydromorphoBe embedded homogeneously m 

matrix, 

^i iiear constant rate. » : ; : 



10 
2. 



waU „m>h» .cba^My «*••< throughout fl» de«a. 
c Itodrica. tos^toacy^shaHop^^^of ; 

20 is 0.1-1 mm. 

5 ht>*l— »— * — » by 

weigh, hydrottorpbot* art 50* by weighr rtW^I — * 

„ 6 . A deW system as to Oatot 5 -thereto said hydromorphoae is 
tomog^neously distributed to said matrix. 

.7. A deliver, sys«m as to Claim 3 whereto the heigh, is MO «. aud 
the diameter is 5-100 mm. 



30 



2004-12-27 (3).max 



PCT/US95/07877 

WOJW00047 """" 

25 



opening has a diameter of ;05-3 mm. , : \ \ . ^ ' ; . 

Pernod of ; provid^ " ■ ; 

•V... : i) iinplantmgatherapeutic.agentka^ 
vinyl acetate matrix, 
ii) forming said matrix into a cylinder, 

ai) coating said matrix with poly(methyl methacrylate), . 
10 - w) .citing a cylindriodopening along meaxis of the cyUndrioal 

I0 . A subcutaneous delivery system comprising: 
15 0 a polymeric matrix material, 

U) a tb^apeutic agent embedded m said inatrix, and 

iii) a coating surrounding said matrix 

20 wall in said delivery system. 

U . A delivery system as in Claim 10 wherein said polymeric matrix 
material is polyethylene-vinyl acetate. 

M 12. A delivery system as in Claim 10 wherein said therapeutic agent is 
hydromorphone. 

13 . A delivery system as in Claim 19 wherein said coating is poly(methyl 
methacrylate). 



30 
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tewi ac 1n naim 10 therein the Sickness of ;said^oating . 
"}14. A delivery system as in Claim iu .wucicm . , 

is O.M mm. . ■ ■ - ^ \ , • ^ 

!5 A delivery system as m Caim lO whercm s^ matrfac Stains 50% 
:5 by weight hydromorphone a^ 

16. ; A delivery system as iii Claim 15 wherem said hy<fromorp^ is 
homogeneously distributed in said matrix. -' 

,0 17. A delwery system as m Claim 10 wherein the height is 1-20 mm and 
the diameter is 5-100 mm. 

18 . A multiple unit delivery system comprising at least two delivery 
devices as in Claim 1, wherein said devices are juxtaposed: 

15 19 A method of prtmoing .p^-M^**^^ 
ftpmpain comprising,subcu«aneously administering the device of Claim J to 

said mammal. 

MM. A method as in Claim 19 wherein said pain is cancer pain. 

„ A^rhodof^opioiddrugs^ntoarnsmn^^tagsuc* 
a.'sddicto, comprising snbcumneously admimsmrmg dm device of On 1 
to said mammal. 
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